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CI engineAbstract The present study deals with development of a hybrid reactor for biodiesel production
based on the combined hydrodynamic cavitation and mechanical stirring processes. Biodiesel were
produced using Kaner Seed Oil (KSO). The experimental results show that hybrid reactor produces
95% biodiesel yield within 45 min for 0.75% of catalyst and 6:1 M ratio which is significantly higher
as compared to mechanical stirring or hydrodynamic cavitation alone. Thus biodiesel production
process in hybrid reactor is cheap (high yield), efficient (time saving) and environmentally friendly
(lower% of catalyst). Performance study on engine shows that an increase in compression ratios
(from 16 to 18) improves the engine performance using biodiesel blends as compared to petroleum
diesel.
 2016 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The increasing industrialization and motorization of the world
has led to steep rise for the demand of petroleum based fuels.
Moreover the finite reserves of crude oil are concentrated in
certain regions of the world and most of the developing coun-
tries are net importer of the crude oil. Large outflow of foreign
exchange and uncertainty in its availability is a matter of great
concern for developing countries like India. Diesel engines aremore popular for their low fuel consumption and better effi-
ciency. The Road sector diesel fuel consumption in India was
31,378 kT in 2009, according to World Bank Indicators, pub-
lished in 2010 [1]. As per one of the study within 40 years, the
present reserves of petroleum fuel including diesel will deplete
at an increased consumption rate estimated to be order of 3%
per annum [2]. Excessive use of fossil fuels has led to global
environmental degradation effects such as greenhouse effect,
acid rain, ozone layer depletion, climate change, etc. The main
reason for increased pollution level in spite of stringent emis-
sion norms that have been enforced is the increased demand
for energy in all sectors and most significantly the transport
sector. Depleting reserves of crude petroleum, uncertainty in
availability, environmental degradation and rapid hike in
petroleum prices have led to search of alternate fuels [3], withdiﬀerent
2 A.K. Yadav et al.particular emphasis on the biofuels that pose the advantage of
being renewable and show an ad hoc advantage in reducing
CO2 emissions [4]. Biofuels made from agricultural products
(oxygenated by nature) reduce the dependence on oil imports,
support local agricultural industries and enhance farming
incomes. Moreover they also benefits in terms of reduced
smokiness or particulate matter in engine exhausts. There are
several factors that need to be taken care before recommend-
ing any alternate fuel to be used in existing technologies on a
large scale. These factors are extent of modification required
in existing hard wares, i.e., if any alternate fuel needs extensive
modification in the existing hardware involving huge capital
then it may be difficult to implement; investment cost for
developing infrastructure to manufacture and supply these
alternate fuels i.e. excessive infrastructure cost may act as a
constraint for development of the alternative energy resources;
environmental compatibility as compared to conventional
fuels i.e. if a new fuel is more polluting then it will be unaccept-
able as a fuel; additional cost to the user in terms of routine
maintenance, equipment wear and lubricating oil life i.e. exces-
sive additional cost will have an adverse effect on the wide
spread acceptance of this fuel [3]. Ethanol, biodiesel and biogas
are the alternate fuels which have a high potential to gradually
replace petroleum based fuels as they satisfy most of these
parameters.
Biodiesel can be produced from triglycerides present in nat-
urally occurring fats and oils by transesterification with alco-
hol, usually methanol, in the presence of a catalyst. The feed
stocks used for biodiesel production currently are mainly high
quality food grade vegetable oils, such as soya bean oil in U.S.
A, rapeseed oil in Europe, palm oil in Malaysia [5]. Lower cost
feed stocks, such as waste cooking oil, grease, soap stocks are
preferred because of their economic viability, since feedstock
costs are about more than 85% of the total cost of biodiesel
production [6,7]. The non-edible oils like Jatropha, Kaner,
Karanja, Mahua, etc. are largely used to produce biodiesel in
India.
In mechanical stirring process mixing of oil and alcohol is
carried by a motor operated mechanical stirrer. This is the
most commonly used conventional technique. It has limita-
tions of the time and capacity. Usually it is time consuming
and used for small capacity biodiesel production. In hydrody-
namic cavitation method mixing of two liquids is carried out
by cavitation conditions, produced by pressure variation,
which in turn is obtained using the geometry of system to cre-
ate velocity variations. Cavitation is generated by the flow of
liquid under controlled conditions through simple geometries
such as venturi tubes and orifice plates. When the pressure at
the throat falls below the vapour pressure of liquid, the liquid
flashes, generating a large number of cavities which subse-
quently oscillate and then give rise to pressure and tempera-
ture pulses. These pulses cause the better mixing of
immiscible liquids and enhance transesterification process
[8]. Principle of ultrasonic cavitation method is the process
of creating cavities by the irradiation of power ultrasonic
with sufficient energy in immiscible liquid (oil and alcohol
are immiscible with each other) as a result micro fine bubbles
are formed and these bubbles are collapsing at various place
of the reactor and disturb the phase boundary between two
immiscible liquid. With the use of ultrasound biodiesel can
be produced without heating because the cavitation may leadPlease cite this article in press as: A.K. Yadav et al., Kaner biodiesel production
compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07to a localized increase in temperature at the phase boundary
and enhance the reaction [9].
The oxygen content in the fuel facilitates a complete com-
bustion of the fuel even in fuel rich zones during combustion
in engine cylinder and thus reducing carbon monoxide (CO)
and hydrocarbon (HC) emissions. The higher cetane number
of biodiesel reduces the combustion delays and thus the prob-
ability of fuel rich zone formation. This led to reduction in HC
and CO emissions [10–12]. Biodiesel molecule oxygen content,
generates lower stoichiometric requirement of air in case of
biodiesel combustion [13,14], which reduces the probability
of fuel rich regions and the absence of aromatics in biodiesel
fuel, those being considered soot precursors [15], results in
reduction of particulate matter (PM) emissions. Nitrogen Oxi-
des (NOx) formation in engine exhaust is a direct function of
combustion temperature. Lower temperature exists in combus-
tion chamber with biodiesel due to overall leaner combustion
and its lower LHV. However the higher NOx values, w.r.t pet-
roleum diesel fuel case, suggest that local oxygen availability
has dominant effect [15]. Carbon deposits on cylinder head,
piston top and injector tip for biodiesel fuelled engines were
40% less compared to diesel fuelled engines. Carbonization
of biodiesel injector after 512 h of operation was far less than
the diesel injector after 200 h of engine operation [16].
The details of the hybrid esterification process using
enzymes and chemical catalyst for biodiesel production is
described by Ting et al. [18]. In the present study a hybrid pro-
cess reactor has been designed which works on the principle of
combined mechanical stirring and hydrodynamic cavitation
processes. It is designed to enhance the reliability of the sys-
tem, as both processes can be simultaneously used to make
the biodiesel from Kaner seed oil (KSO). The present hybrid
reactor is capable of processing 10–100 kg of oil. This study
focuses on Kaner oil conversion into biodiesel. It is evident
that most of the work has been focused on edible oils and a
small quantum of work has been carried on non-edible oils
for biodiesel production and its subsequent utilization. It is
also pertinent to note that amongst the non-edible oils, Jat-
ropha, Karanja, Mahua and some other feed stocks have been
explored. However, Kaner (Thevetia Peruviana), which is an
underutilized non-edible vegetable oil in India, is not ade-
quately studied. The present work deals with the production
and optimization of biodiesel production from Kaner oil its
physico-chemical characterization and performance testing
on a CI engine.
Kaner (Thevetia Peruviana) tree (shown in Fig. 1) is a very
drought resistant poisonous plant found throughout India. It
is most abundant in north-Indian plains of India, especially
in Assam. It contains 52–60% of oil; hence it can be used to
produce Bio-diesel in a large scale. It is widespread in Ameri-
can, Asian and African continents. It grows to about 10–
18 feet high, the leaves are linear and about 13–15 cm in length
arranged spirally and the flowers are funnel like and yellow in
colour. An Oleander tree can produce about 800–1000 fruits
all the year round depending on the climatic conditions and
age of the plant. The fruits are usually green in colour and
become black on ripening. Each fruit contains one to four
seeds in its kernel and the oil content in the seed is high (60–
65%) [19], which makes it a suitable naturally occurring
renewable source of non-edible oil. A normal tree produces
an average of 40–50 kg of fruit every season. Seeds obtainedthrough hybrid reactor and its performance testing on a CI engine at diﬀerent
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Figure 1 Kaner plant with fruits. Figure 2 Kaner kernels.
Kaner biodiesel production and its performance testing 3from the Kaner tree are crushed using a mechanical expeller
for oil extraction.
Present research work deals with identifying low cost and
potential feedstock for biodiesel production; determination
of various physico-chemical properties of biodiesel; and its
performance testing. Compression ratio is one of the most
important factors affecting engine performance and emission
characteristics. Increasing the compression ratio had more
benefits with biodiesel than with pure diesel. Due to its low
volatility and higher viscosity, biodiesel performs badly at
lower compression ratios due to reduced cylinder pressure
and temperature. Biodiesel might be performing relatively bet-
ter at higher compression ratios due to increased pressure and
temperature inside the combustion chamber which will result
in good droplet atomization and combustion [17]. However,
it has been found to be noted that the study on variable com-
pression ratio engine using bio diesel is limited. The effect of
compression ratio on engine parameters, emission and com-
bustion characteristics have not been studied extensively. This
paper analyses effect of compression ratio on engine perfor-
mance and emission characteristics for various blends and pure
diesel.
2. Materials and method
The Kaner fruits shown in Fig. 1 were collected from plants
grown in Delhi Technological University Campus, Delhi,
(India). Mature fruits were collected two times a year (summer
and winter seasons), pulps removed, seeds dried in sunlight,
deshelled and the kernel (Fig. 2) crushed using a grinder priorPlease cite this article in press as: A.K. Yadav et al., Kaner biodiesel production
compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07to oil extraction. A Soxhlet apparatus and n-hexane as extrac-
tion solvent were used for oil extraction from Kaner seed. Oil
extracted by solvent extraction method is shown in Fig. 3.
Solvents and other chemicals used were of analytical grade,
and they were procured from commercial sources and used
as such without further treatment.
3. Experimental work
3.1. Development of the hybrid reactor
The schematic diagram of the hybrid reactor (combined
hydrodynamic cavitation and mechanical stirring) is shown
in Fig. 4. The set-up consists of a closed loop circuit compris-
ing an oil pre heating tank of approximately 120 l capacity,
mechanical stirring tank of approximately 120 l capacity,
reciprocating pump (maximum pressure 600 psi, 3HP, 950
RPM), a control valve and a coupling to accommodate the
orifice plate. The suction side of the pump is connected to
the bottom of the mechanical stirring tank. Discharge from
the pump branches into two lines, a bypass line which helps
in the control of inlet pressure and inlet flow rate into the main
line housing and the orifice with the help of valves. The main
line consists of a coupling to accommodate the orifice plate.
The diameter of orifice hole was 1 mm passing through an ori-
fice. The liquid in the main line after passing through orifice
undergoing cavitation and subsequently processes it is feed-
back to the mechanical stirring tank where mechanical stirring
of rest of the liquid is going on. The remaining liquid again
goes to the reciprocating pump and continuous circulation ofthrough hybrid reactor and its performance testing on a CI engine at diﬀerent
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Figure 3 Kaner seed oil.
Figure 4 Hybrid reactor for combined hydrodyna
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compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07liquid takes place in a closed loop circuit. Hydrodynamic cav-
itation facilitates the transesterification of the reactants liquid.
When this high viscosity liquid strikes the remaining liquid in
the mechanical stirrer it further increases agitation and the
reaction takes place rapidly. There is provision to collect the
samples from bottom of the mechanical stirrer frequently dur-
ing the process. After the completion of reaction, the reactant
liquid is pumped to the water washing tank so that next batch
may be processed in reactor. The control panel has provision
to operate mechanical string and hydro volume cavitation pro-
cesses separately or together. In water washing tank first, reac-
tant liquid is allowed to settle for about 2 h then from drain
valve glycerine is separated then warm water at 70 C at
approx., 30% of the volume of biodiesel formed is mixed
and gently stirred. This causes settling of impurities and cata-
lyst in the lower part of the vessel after half an hour. Then this
water is removed and remaining biodiesel is drained through
the control panel and finally it is heated to a temperature of
about 110–120 C. The test rig also serves the purpose of indi-
vidual mechanical stirring and hydrodynamic cavitation. In
case of individual mechanical stirring the mixture is not
allowed to pass through reciprocating pump by closing the
valve between mechanical stirring tank and reciprocating
pump. In case of individual hydrodynamic cavitation reactor
the motor operating mechanical stirrer is switched off.
3.2. Experimental setup for performance testing
The setup consists of single cylinder, four strokes, Diesel
engine connected to eddy current type dynamometer for load-
ing. It is used with necessary instruments for combustionmic cavitation and mechanical stirring process.
through hybrid reactor and its performance testing on a CI engine at diﬀerent
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Table 3 Amount of Kaner oil, alcohol and catalyst used.
Percent catalyst
(by weight of oil)
Kaner oil (kg) Methanol (kg) Catalyst (kg)
0.5 15 3.312 0.075
0.75 15 3.312 0.112
1 15 3.312 0.15
100
Kaner biodiesel production and its performance testing 5pressure and crank-angle measurements. These signals are
interfaced to computer through engine indicator for P–h and
P–V diagrams. Sensors are used for interfacing airflow, fuel
flow, temperatures and load measurement. The setup has
stand-alone panel box consisting of air box, two fuel tanks
for duel fuel test, manometer, fuel measuring unit, transmitters
for air and fuel flow measurements, process indicator and
engine indicator. The engine specifications are given in Tables
1 and 2 shows the range, accuracy and uncertainty of measure-
ments. The setup enables varying the compression ratio for the
measurement of engine performance parameters like brake
thermal efficiency (BTE) and brake specific fuel consumption
(BSFC). Lab view based Engine performance Analysis soft-
ware package ‘‘Engine soft LV” is used for on line perfor-
mance evaluation. An AVL DIX, (Emission Diagnostic
System) were used for measurement of smoke opacity.
4. Results and discussion
Experimental results of biodiesel production and performance
testing for a wide range of operating parameters are described
below:
4.1. Experimental results of biodiesel production
The filtered Kaner oil is heated up to 120–130 C and kept on
this temperature for about 5–7 min in order to remove the
water content of oil to avoid soap formation and then allowed
to cool up to 70 C. Methyl alcohol (CH3OH) with a molarTable 1 Technical details of the engine.
S. No Component Specification
1 Engine make Kirloskar
2 Engine type 1 cylinder, 4stroke, water cooled
3 Rated power 3.5 kW at 1500 rpm
4 Cylinder volume 661 cc
5 Compression ratio Variable (12–18)
6 Dynamometer Eddy current, water cooled
7 Piezo sensors Range 5000 PSI
8 Crank sensor Resolution 1 Deg, Speed 5500 RPM
9 Load sensor Load cell, type strain gauge,
10 Software ‘‘Engine soft LV” Engine
Performance analysis software
Table 2 Range, accuracy and uncertainty of measurements.
Measurements Instrument
Engine load Strain gauge type load cell
Speed Speed sensor
Time Stop watch
Exhaust Temperature K-type thermocouple
Smoke density Smoke metre
Calculated results
Engine power –
Fuel consumption Level sensor
Air consumption Turbine flow type
BTE –
BSEC –
Please cite this article in press as: A.K. Yadav et al., Kaner biodiesel production
compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07ratio of 6:1 and sodium hydroxide (1%, 0 .75% and 0.5%
by weight of oil), are mixed and stirred till sodium hydroxide
dissolves in alcohol. The amount of vegetable oil, alcohol
and catalyst taken are given in Table 3. This liquid mixture
is supplied to the feed tank of the reactor. During the reaction,
temperature of mixture is kept between 50 and 60 C. After
30 min the first sample of 100 ml was collected from the
bottom of the mechanical stirring tank. Samples were further
collected after an interval of fifteen minutes.
After 75 min the process is stopped and glycerine was sep-
arated from each sample. The glycerine is allowed to settle
down in the mixture as it has higher density than methyl esters.
A layer of glycerine and methyl esters started to be visible in
about 10 min of settling whilst complete settling takes place
between 2–3 h duration. After the separation of the glycerine
and methyl esters, the methyl esters were washed for allRange Accuracy
0–25 kg ±0.1 Kg
0–2000 rpm ±20 rpm
– ±0.5%
0–1000 C ±1 C
0–100% ±2%
Uncertainty
0–8 kW ±1.0%
– ±2.0%
– ±1.0%
– ±1.0%
– ±1.5%
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Figure 5 Biodiesel conversion yield at 0.5% NaOH by weight of
oil.
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Figure 6 Biodiesel conversion yield at 0.75% NaOH by weight
of oil.
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Figure 7 Biodiesel conversion yield at 1% NaOH by weight of
oil.
Table 4 Fatty acid composition of Kaner seed oil.
Fatty acids Chemical
formula
Degree of
unsaturation
%
value
Palmitic C16H32O2 16:0 23.28
Palmitoleic C18H36O2 16:1 0.88
Stearic C18H34O2 18:0 7.3
Oleic C18H32O2 18:2 44.23
Linoleic C20H40O2 18:2 21.82
Linolenic – 18:3 .48
Arachidic – 20:0 1.8
6 A.K. Yadav et al.samples to remove residual catalyst or soaps. For washing,
first methyl esters and water up to 30% of methyl esters are
kept in a separating funnel (at a temperature of 60 C) and
the mixture is stirred for one minutes and then left for settling
of water with impurities. After complete settling of water with
impurities at the bottom of separating funnel, the same is
removed by opening the tab provided at the bottom of separat-
ing funnel. Figs. 5–7 represent the comparison of biodiesel
yield production for mechanical stirring (MS), hydrodynamic
cavitation (HC) and hybrid process (MS plus HC) for different
percentages of a catalyst. The experimental data show that
hybrid process is the most efficient one for all the observations
as compared to other two processes. In the hybrid process,
more than 90 percent yield is achieved within 45 min for the
three cases compared to other two processes. The increase in
the percentage of the catalyst (NaOH) improves the yield of
biodiesel production for all three processes. For the hybrid
process, the effect of an increase in catalyst on biodiesel yield
is only between 0.5% and 0.75% for the duration of 30 to
45 min. Beyond 45 min, further effect of the increase in cata-
lyst percentage is negligible on yield. Therefore, it may safely
be concluded from experimental data of hybrid reactor, that
95% biodiesel yield can be achieved within 45 min for 0.75%
of catalyst having 6:1 M ratio.
It was observed that higher yield was obtained for combined
reactor as compared to hydrodynamic cavitation or mechanical
stirring alone at all percentages of catalyst and for all reaction
durations as shown. Percentage increase in yield was thePlease cite this article in press as: A.K. Yadav et al., Kaner biodiesel production
compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07maximum for 45 min sample for all the concentrations of cata-
lyst. However percentage increase in yield showed a marginal
decreasing trend with increasing reaction time beyond 45 min.
Considerable improvement of biodiesel yield is observed when
increasing the percentage of catalyst from 0.5% to 0.75% for all
the processes. However a small improvement of biodiesel yield
is observed when increasing the percentage of catalyst from
0.75% to 1% for all the processes.
4.2. Fatty acid composition
Gas chromatography (GC) analysis of Kaner seed oil revealed
that it contains main acids as oleic acid (44.23%), palmitic acid
(23.88%) and linoleic acid (21.82%) (Table 4).
4.3. Physico-chemical properties of Kaner seed bio-diesel and its
blend
Various physico-chemical properties of Kaner Bio-diesel were
determined according to standard methods. Table 5 presents
the average values of the physico-chemical properties of Kaner
biodiesel and diesel.
4.4. Results of the performance testing
Figs. 8–10 show performance characteristics at variable load
conditions at different compression ratios (16 and 18) for neat
diesel and diesel-KOME blends (B-20, B-40 and B-60).
4.4.1. Variation of BTE w.r.t. brake power
Fig. 8 shows the variation of BTE v/s brake power for diesel-
KOME blends in comparison to petroleum diesel. For com-
pression ratio equal to 16 (Fig. 8(a)), the trend for variation
of BTE for petroleum diesel and biodiesel blends are almost
coinciding with each other.
On the other hand, for a higher compression ratio (18)
(Fig. 8(b)), biodiesel blends show significant improvement in
BTE between 2 to 4 kW range of brake power. This gain in
BTE as compared to diesel is due to the presence of oxygen
in biodiesel molecules and its higher lubricity, which results
in better combustion and lower frictional losses. Diesel-
KOME blends show poor vaporization and atomization char-
acteristics at lower compression ratios due to higher viscosity
and lower volatility. This counteracts the effect of an increase
in BTE due to the presence of oxygen in biodiesel molecules
and higher lubricity. Similar trends are reported by Dilip
Kumar Bora [20] and Hirkude et al. [23] for waste fried oil.through hybrid reactor and its performance testing on a CI engine at diﬀerent
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Table 5 Fuel properties of diesel and biodiesel blends.
Properties Diesel B20 B40 B60 B100
Density at 15 C (kg/m3) 0.84 0.846 0.845 0.852 0.87
Viscosity at 40 C
(mm2/s)
3.1 3.3 3.5 3.8 4.2
Gross calorific value
(MJ/kg)
43.2 43.04 42.9 42.7 42.4
Flash point (C) 52 C 56 C 61 C 66 C 175 C
Fire point (C) 68 C 71 C 75 C 78 C 186 C
Oxidation stability (h) – <6.5 <6.5 <6.5 <6.5
(a) CR = 16 
(b) CR = 18 
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Figure 8 Comparison of BTE v/s Brake Power for petroleum
diesel and KOME.
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Figure 9 Comparison of BSFC v/s Brake Power for neat diesel
and KOME biodiesel.
Kaner biodiesel production and its performance testing 74.4.2. Variation of BSFC w.r.t. brake power
Fig. 9 shows the variation of BSFC v/s brake power for diesel-
KOME blends in comparison to neat diesel. Break Specific
Fuel Consumption, BSFC is the ratio between mass fuel con-
sumption and brake effective power, and for a given fuel, it is
inversely proportional to BTE, for both CR values (16 and 18)
(Fig. 9(a) and (b)).
BSFC values were found to be higher for diesel-KOME
blends than for neat diesel. This is due to lower heating valuesPlease cite this article in press as: A.K. Yadav et al., Kaner biodiesel production
compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07of diesel-KOME blends and thus relatively higher fuel quantity
is required for maintaining constant power output. BSFC
reduces for both diesel and biodiesel blends with increase in
compression ratio. Similar trend is reported by Muralidharan
et al. [21] for waste cooking oil biodiesel.
4.4.3. Variation of smoke opacity w.r.t. brake power
Fig. 10 shows the variation of opacity data with brake power
for biodiesel blends in comparison to petroleum diesel for two
sets of compression ratio. Fig. 10(a) shows that smoke opacity
value for neat diesel is lower as compared to all types of diesel-
KOME blends at CR = 16. Biodiesel has about 10% oxygen
by weight which results in a decrease of opacity.
However its higher viscosity contributes to the increase in
opacity. At lower compression ratio (16) effect of volatility
dominates the effect of oxygen content. Probably vaporization
and atomization of high viscosity biodiesel fuel becomes diffi-
cult at lower compression ratios. Fig. 10(b) shows opacity
value for all diesel-KOME blends increases from 1% to 33%
between the brake power ranges of 0.5 and 4 kW having CR
equal to18. For higher compression ratio, the trends regarding
the variation of opacity values w.r.t. brake power is almost
similar for all types of blends and the opacity value for petro-
leum diesel is higher as compared to biodiesel blends. Additionthrough hybrid reactor and its performance testing on a CI engine at diﬀerent
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Figure 10 Comparison of smoke opacity v/s Brake Power for
petroleum diesel and KOME biodiesel.
8 A.K. Yadav et al.of KOME to neat diesel increases the viscosity and oxygen
content of fuel. The effect of latter dominates at compression
ratio 18 and thus a decrease in opacity is noticed for all
diesel-KOME blends. Similar results are reported by previous
researchers for different biodiesel blends [22,23].5. Conclusions
The present study describes the performance of the novel
hybrid reactor developed for efficient biodiesel production
using Kaner oil. It is compared with conventional mechanical
stirring and hydrodynamic process followed by performance
testing on a CI engine. The outcome of the experimental
results is as follows:
 Hybrid reactor produces 95% biodiesel yield within
45 min for 0.75% of catalyst and 6:1 M ratio which is
significantly higher as compared to mechanical stirring
and hydrodynamic cavitation.
 Performance study on a CI engine shows that an increase in
compression ratio (from 16 to 18) improves the engine per-
formance using biodiesel blends as compared to petroleum
diesel.Please cite this article in press as: A.K. Yadav et al., Kaner biodiesel production
compression ratios, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.07 Opacity values were lower and BTE values were higher for
diesel-KOME blends as compared to neat diesel for com-
pression ratio equal to 18.
 Brake specific fuel consumption for diesel- KOME blends
was higher as compared to petroleum diesel in spite of an
increase in Brake Thermal Efficiency.
References
[1] World Bank Indicators-India-transportation, available from
<www.tradingeconomics.com/india/road-sector-diesel-fuel-
consumption-kt-of-oil> equivalent-wb-data.
[2] M.N. Nabi, M.M. Rahman, M.S. Akhtar, Appl. Therm. Eng. 29
(2009) 2265–2270.
[3] L. Lin, Z. Cunshan, S. Vittayapadung, S. Xiangqian, D.
Minutesgdong, Appl. Energy 88 (2011) 1020–1031.
[4] A.C. Hansen, D.C. Kyritsis, C.F. Lee, in: A.A. Vertes et al.
(Eds.), Biomass to Biofuels – Strategies for Global Industries,
John Wiley, New York, 2009.
[5] N.M. Azam, A. Waris, N.M. Nahar, Biomass Bioenergy 29
(2005) 293–302.
[6] M.J. Haas, A.J. McAloon, W.C. Yee, T.A. Foglia, Bioresour.
Technol. 97 (2006) 671–678.
[7] Y. Zhang, M.A. Dube´, D.D. McLean, M. Kates, Bioresour.
Technol. 90 (2003) 229–240.
[8] A. Pal, A. Verma, S.S. Kachhwaha, S. Maji, Renewable Energy
35 (2010) 619–624.
[9] D.Y.C. Leung, X. Wu, M.K.H. Leung, Appl. Energy 87 (2010)
1083–1095.
[10] K.F. Hansen, M.G. Jensen, Chemical and biochemical
characteristics of exhaust emissions from a DI diesel engine
fuelled with rapeseed oil methyl esters (RME), SAE paper (1997)
971689.
[11] A.C. Pinto, L.L.N. Guarieriro, J.C. Rezende, N.M. Ribereiro,
E.A. Torres, E.A. Lopes, et al, J. Braz. Chem. Soc. 16 (6B)
(2005) 1313–1330.
[12] X. Shi, Y. Yu, H. He, S. Shuai, J. Wang, R. Li, Fuel 84 (2005)
1543–1549.
[13] O. Armas, J. Rodriguez, M.D. Cardenas, A.F. Agudelo, Efecto
del biodiesel procedente de aceites vegetales usados sobre las
emisiones y prestaciones de un motor diesel, Anales del 16
Congreso National de Ingenieria Mecanica, Leon, Spain, 2004.
[14] M. Lapuerta, O. Armas, R. Ballesteros, Diesel particulate
emissions from biofuels derived from Spanish vegetable oils,
SAE paper (2002) 2002-01-1657.
[15] C.D. Rakopoulos, A.M. Dimartos, E.G. Giakoumis, D.C.
Rakopoulos, Appl. Energy 88 (2011) 3905–3916.
[16] A.K. Agarwal, J. Bijwe, L.M. Das, J. Eng. Gas Turbine Power
(ASME J.) 125 (3) (2003) 820–826.
[17] M.E.L. Kassaby, M.A. Nemit allah, Alexandria Eng. J. 52
(2013) 1–11.
[18] W.J. Ting, C.M. Huang, N. Giridhar, W.T. Wu, J. Chin. Inst.
Chem. Eng. 39 (39) (2008) 203–210.
[19] O.O. Omolara, A.I. Samuel, Afr. J. Biotechnol. 6 (18) (2007)
2166–2170.
[20] Dilip Kumar Bora, J. Sci. Ind. Res. 68 (2009) 960–963.
[21] K. Muralidharan, D. Vasudevan, K.N. Sheeba, Energy 36
(2011) 5385–5393.
[22] T. Murayama, Y. Fujiwara, T. Noto, Inst. Mech. Eng. (2000)
141–148.
[23] Jagannath B. Hirkude, Atul S. Padalkar, Fuel 119 (2014) 266–
273.through hybrid reactor and its performance testing on a CI engine at diﬀerent
.006
